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We have developed a method to convert membrane-bound replication complexes isolated from Nicotiana benthamiana
plants infected with potato virus X (PVX) to a soluble, template-dependent system for analysis of RNA synthesis. Analysis of
RNA-dependent RNA polymerase activity in the membrane-bound, endogenous template extracts indicated three major
products, which corresponded to double-stranded versions of PVX genomic RNA and the two predominant subgenomic
RNAs. The endogenous templates were removed from the membrane-bound complex by treatment with BAL 31 nuclease in
the presence of Nonidet P-40 (NP-40). Upon the addition of full-length plus- or minus- strand PVX transcripts, the
corresponding-size products were detected. Synthesis was not observed when red clover necrotic mosaic dianthovirus
(RCNMV) RNA 2 templates were added, indicating template specificity for PVX transcripts. Plus-strand PVX templates lacking
the 39 terminal region were not copied, suggesting that elements in the 39 region were required for initiation of RNA synthesis.
Extracts that supported RNA synthesis from endogenous templates could also be solublized using sodium taurodeoxycholate
and then rendered template-dependent by BAL 31 nuclease/NP-40 treatment. The solubilized preparations copied both plus-
and minus-strand PVX transcripts, but did not support synthesis from RCNMV RNA 2. These membrane-bound and soluble
template-dependent systems will facilitate analyses of viral and host components required for PVX RNA synthesis. © 2000
Academic Press
(INTRODUCTION
The development of template-dependent, RNA-depen-
dent RNA polymerase (RdRp) preparations from tissues
or cells infected with plus-strand RNA viruses has facil-
itated analyses of the components and reactions neces-
sary for RNA synthesis. Such systems have been devel-
oped for several viruses that infect a variety of hosts,
including bacteriophage Qb (Blumenthal and Car-
michael, 1979), black beetle virus (Saunders and Kaes-
berg, 1985), flockhouse virus (Wu et al., 1992), polio virus
(van Dyke and Flanegan, 1980; Baron and Baltimore,
1982), Sindbis virus (Lemm et al., 1998), and the plant
iruses alfalfa mosaic virus (Houwing and Jaspars, 1986;
uadt et al., 1991), brome mosaic virus (Miller and Hall,
983; Quadt and Jaspars, 1990), cucumber mosaic virus
Hayes and Buck, 1990; Quadt and Jaspars, 1991), turnip
ellow mosaic virus (Mouches et al., 1974; Garbouri-
ouzid et al., 1991; Deiman et al., 1997; Singh and Dreher,
997), tobacco mosaic virus (Osman and Buck, 1996;
atanabe et al., 1999), red clover necrotic mosaic virus
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444Bates et al., 1995), and turnip crinkle virus (Song and
Simon, 1994). Some of these template-dependent sys-
tems have been utilized for analyses of host and viral
protein components contained in the RdRp complexes
(for reviews, see Buck, 1996; and Lai, 1998). Several of
the plant viral RdRp preparations have been useful for
the determination of template requirements for initiation
of minus-strand RNA synthesis (for reviews, see Buck,
1996; and Dreher, 1999). The BMV and TCV RdRp prep-
arations have additionally been utilized for analysis of
plus-strand RNA synthesis in vitro (Miller et al., 1985;
Adkins et al., 1997; Guan et al., 1997, 2000a, b; Siegel et
al., 1997; Wang and Simon, 1997; Sivakumaran and Kao,
1999; Sivakumaran et al., 1999) and for studying recom-
bination mechanisms (Nagy et al., 1998; Nagy and Si-
mon, 1998a, b). For the most part, such requirements
have been investigated for plant viruses containing ei-
ther a tRNA-like 39 terminus or other predicted struc-
tures, but not for viruses containing polyadenylated ter-
mini such as those in the Potexvirus genus.
Potato virus X (PVX), the type member of the Potexvirus
genus, is a flexuous rod-shape particle containing a
capped and polyadenylated genomic RNA of 6.4 kb
(Skryabin et al., 1988a, b). This RNA contains an 84-
nucleotide (nt) 59 nontranslated region (NTR), five open
reading frames (ORFs), and a 72-nt 39 NTR (Fig. 1A). The
445TEMPLATE-DEPENDENT EXTRACTS FROM N. benthamianafirst ORF encodes a 165-kDa protein (P1) that has ho-
mology to other known RNA-dependent RNA polymerase
proteins (Rozanov et al., 1992) and is the only viral protein
required for RNA synthesis in tobacco (Longstaff et al.,
1993). Three internal reading frames (ORFs 2–4), referred
to as the triple gene block, encode proteins involved in
cell-to-cell movement (Beck et al., 1991; Angell et al.,
1996). ORF 5 encodes the coat protein, which functions
in cell-to-cell movement (Chapman et al., 1992; Baul-
combe et al., 1995) and encapsidation. Replication of
PVX in plant tissue results in the production of genomic-
length plus- and minus-sense RNAs, two major plus-
sense subgenomic RNAs, and corresponding double-
stranded RNAs (Dolja et al., 1987). We have demon-
strated that sequence elements, as well as a stem–loop
structure located in the 59 nontranslated region of the
PVX genome, are required for both genomic and sub-
FIG. 1. PVX genome organization and transcripts derived from PVX
cDNA clones. A illustrates the PVX genome, depicting five open read-
ing frames as boxes and the two major subgenomic RNAs as arrows
below the genome. Transcripts utilized for template-dependent RdRp
assays were derived from various PVX cDNA clones shown in B.
Plus-strand RNA templates were derived from wild-type pMON8453,
p32 (containing an internal deletion of most of ORF 1, as noted by
dotted line), and D84 (lacking the first 84 nucleotides of the 59 end) by
transcription with bacteriophage T7 RNA polymerase (shown as arrow
to left) of SpeI-digested plasmids. These transcripts contain 17 A
residues and a G residue (from the SpeI site) at their 39 termini.
Truncated plus-strand transcripts lacking the 39 region of the PVX
genome were generated by transcription of D84 digested with BstEII.
Full-length minus-strand transcripts were obtained by transcription of
BstBI-digested p75 with with bacteriophage SP6 RNA polymerase.genomic plus-strand RNA accumulation in Nicotianatabacum (NT-1) protoplasts and plants (Kim and Hemen-
way, 1996; Miller et al., 1998, 1999). Conserved oc-
tanucleotide sequence elements located upstream of the
two major PVX sgRNAs are important for sgRNA accu-
mulation (Kim and Hemenway, 1997, 1999), and interac-
tions between these elements and complementary ter-
minal sequences are important for optimal plus-strand
RNA accumulation. Elements in the 39 NTR also effect
PVX RNA accumulation in NT-1 cells (Pillai-Nair, Kim, and
Hemenway, unpublished data).
The development of a soluble, template-dependent
system would allow for mechanistic studies of PVX RNA
synthesis in vitro and identification of protein compo-
nents and activities necessary for PVX replication. An
RdRp preparation from barley plants infected with an-
other potexvirus, foxtail mosaic virus (FMV), was devel-
oped, but treatment of these preparations with micrococ-
cal nuclease for removal of endogenous template ren-
dered them inactive (Rouleau et al., 1993). Previously, we
isolated extracts containing membrane-bound PVX RdRp
from Nicotiana tabacum, but also were not able to elim-
inate the endogenous viral RNA (Doronin and Hemen-
way, 1996). Li et al. (1998) recently demonstrated tem-
plate-dependent RdRp activity in Escherichia coli trans-
formed with the PVX replicase protein using short PVX
templates; however, this system cannot be utilized to
study the in vivo composition of the replication complex.
Here we report the isolation and solubilization of a tem-
plate-dependent RdRp activity isolated from Nicotiana
benthamiana plants infected with PVX that supports RNA
synthesis from both plus- and minus-strand PVX tem-
plates.
RESULTS AND DISSUSSION
Products produced from endogenous templates are
primarily double-stranded
With the ultimate goal of developing an extract con-
taining a template-dependent RdRp, we first developed a
membrane-containing RdRp preparation from N.
benthamiana plants inoculated with PVX. Similar to the
procedure published for TMV (Osman and Buck, 1996), a
P30 pellet was resuspended and purified through a su-
crose density gradient. Similar to the TMV system, anal-
ysis of RdRp activity on endogenous PVX templates in-
dicated that the near-colorless, sucrose gradient fraction
3 (F3) and the dark green fraction 4 (F4) contained the
peak of activity (data not shown). As indicated in Fig. 2
(lane 3), analysis of the RNA products using F3 from
infected plants (Inf) on a denaturing gel indicated RNAs
migrating at approximately 6.4, 2.5, and 0.9 kb. Products
treated with S1 nuclease prior to electrophoresis exhib-
ited a similar profile (Fig. 2, lane 4), indicating that these
products are primarily double-stranded. In contrast, ex-
tracts from mock inoculated plants (M), did not support
synthesis of these reaction products (lane 2). This profile
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446 PLANTE ET AL.of three major double-stranded products that correspond
to sizes of genomic and the two major subgenomic RNAs
was previously reported for an extract derived from PVX-
infected N. tabacum plants by a somewhat different pro-
cedure (Doronin and Hemenway, 1996). In addition, the
polymerase activity was completely abolished from PVX-
inoculated extract when any of the four nucleotides were
eliminated from the replication mixture, demonstrating
that the activity was due to RdRp complexes and not
terminal transferase activity (data not shown).
Extracts rendered template-dependent are specific
for positive- and negative-strand PVX templates
For other plant viral systems, either micrococcal nu-
clease digestion in the presence or absence of detergent
or treatment with high concentrations of KCl in the pres-
ence of detergent have been effective at removal of
endogenous templates from RdRp complexes (for review,
see Hayes and Buck, 1993). Although micrococcal nucle-
ase treatment of the potexvirus, FMV, resulted in removal
of endogenous template, the resulting extract lost activity
(Rouleau et al., 1993). In the case of the PVX system,
FIG. 2. Products derived from extracts containing endogenous tem-
plates. Extracts prepared from N. benthamiana plants 5 days postin-
oculation were tested for RdRp activity and reaction products were
analyzed by denaturing 1% agarose/formaldehyde gel electrophoresis.
RNA markers were loaded in lane 1; the sizes of these markers (6.4, 4.1,
2.7, and 0.8 kb) are noted at the left. Lanes 2 and 3 contain products
from RdRp reactions with F3 samples from mock-inoculated (M) or
infected (Inf) plants, respectively. RNA products isolated from RdRp
reactions with infected plant extracts that were additionally treated with
200 units of S1 nuclease were loaded in lane 4 (Inf1S1). The arrows
shown at the right mark positions of the major products from the RdRp
reactions.reatment with very high concentrations of micrococcaluclease or treatment with KCl in the presence of deter-
ents did not significantly remove the endogenous tem-
lates (data not shown). As the endonuclease BAL 31
as reported to digest tRNA (Gray et al., 1975) and
ydrolyze duplex RNA from both the 59 and the 39 ends
Bencen et al., 1984), we tested this nuclease for removal
f the endogenous PVX templates in the infected plant
xtracts. Titration of this enzyme in the presence or
bsence of various detergents indicated that 10 units of
AL 31 nuclease in the presence of 5 mM calcium
cetate (Ca(OAc)2) and 0.1% Nonidet P-40 (NP-40) was
ffective at removal of the PVX templates from the su-
rose gradient fraction 3. We found that optimal template
emoval required both BAL 31 and addition of NP-40
oncentrations equal to or greater than 0.1%. Presum-
bly, the detergent helped to open up the complex and
ender the template accessible to the nuclease. As
hown in Fig. 3 (lanes 3 and 4), the activity of F3 was
omewhat stimulated by addition of NP-40/Ca(OAc)2. In
contrast, extract treated with BAL 31 nuclease and NP-
40/Ca(OAc)2 (lane 5) did not support RNA synthesis in
the absence of added template.
Addition of EGTA to the BAL 31 nuclease treated ex-
tract was utilized to chelate the Ca12 and inactivate the
uclease. Subsequently, extracts were tested for RNA
ynthesis by the addition of various templates (Fig. 1B) in
he presence of the RNase inhibitor, RNasin. The wild-
ype PVX plasmid, pMON8453 (Hemenway et al., 1990)
was linearized with SpeI and used to generate full-
length, plus-strand templates. A truncated plus-strand
template was generated by transcription of p32, which
was derived from pMON8453 by deletion of most of the
replicase gene (nts 203–4138) (Kim and Hemenway,
1996). Two additional truncated plus-strand transcripts
were obtained from the D84 plasmid, which contains a
deletion of the 59 NTR (nts 1–84) of pMON8453 (Kim and
Hemenway, 1996). The first truncated template, referred
to as D84, was approximately 6.3 kb in size (nts 84–6436)
and was directly transcribed from D84 DNA digested
with SpeI. A second truncated transcript, D84/BstEII (nts
84–2736), lacked both the 59 and the 39 termini and was
made from D84 linearized with BstEII. RNA2 from the
unrelated virus, red clover necrotic mosaic virus (RC-
NMV), was utilized as a negative control.
As shown in Fig. 3, no products (1.47 kb expected size)
were detected when templates from RCNMV were in-
cluded (lane 11, respectively). The major product of the
polymerase reaction upon addition of a full-length PVX
plus-sense RNA (pMON8453) corresponded in size to a
6.4-kb double-stranded species (lane 6), indicating that
the product is likely a double-stranded form of the input
template. Comparison of the band intensity for this prod-
uct (lane 6) and the products derived from the endoge-
nous template sample (lane 4) indicated that activity
levels are lower for the template-dependent extract. Typ-
ically, we observed a 5- to 20-fold decrease in product
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447TEMPLATE-DEPENDENT EXTRACTS FROM N. benthamianalevels upon conversion of the endogenous template
preparations to template-dependent extracts, and the
extent of this decrease varied with different extracts and
Bal31 preparations. Products similar in size to those
obtained with full-length PVX transcripts were produced
when D84 was incubated in the polymerase assay (lane
), suggesting that the 59 NTR is not necessary for
initiation of negative-strand RNA synthesis in these prep-
arations. Reactions containing RNA transcripts from p32
resulted in products migrating at approximately 2.5 kb,
which is the expected size of a duplex product of the p32
template (lane 9). Given that the p32 transcripts lack
most of the replicase coding sequence, these data indi-
cate that initiation of minus-strand RNA synthesis in this
system was not dependent on nts 203–4138 of the PVX
genome.
In contrast, D84/BstEII that contained only the coding
region of PVX ORF 1 did not support transcription of a
template-size product of 2.7 kb (lane 8), indicating that
signals in the 39 region were necessary for initiation of
minus-strand RNA synthesis in this system. It has been
shown for many viruses that both sequences and struc-
tures in the 39 end of the viral plus-strand RNAs are
important for the initiation of minus-strand RNA synthesis
in vivo and in vitro (for reviews, see Buck, 1996; Dreher,
FIG. 3. Analysis of template-dependent extracts. Sucrose gradient fr
of 0.1% NP-40/5 mM Ca(OAc)2, 10 unit BAL 31, and 5 mg exogenous temp
ulfate gel. Lane 1 contains 32P-labeled bacteriophage lambda DNA dige
re noted at the left. RNA transcripts were loaded into lane 2 and their s
f extracts containing endogenous viral template in the absence or pre
ith NP-40/calcium acetate and BAL 31, RdRp reactions were conducte
MON8453 (lane 6), D84 (lane 7), D84/BstEII (lane 8), p32 (lane 9), p75 (la
roducts are noted by arrowheads to the right of each lane.1999; and Hemenway and Lommel, 2000). PVX RNA hasa polyadenlyated 39 terminus and is predicted to form
several stable stem–loop structures within the 39 non-
translated region. In addition, several elements in this
region are important for minus-strand RNA accumulation
in vivo (Pillai-Nair, Kim, and Hemenway, unpublished
results). Future experiments will determine whether 39
elements necessary for PVX RNA synthesis in vivo also
are necessary for synthesis in vitro.
For analysis of a minus-strand PVX template, plasmid
p75 was generated from pMON8453 in order to synthe-
size full-length negative-strand PVX templates. The
pMON8453 clone was modified to contain a BstBI site
upstream of the 59 terminus of the PVX cDNA. As a result
of the BstB1 site insertion, a nontemplated guanylate
residue is generated at the 39 terminus of p75 minus-
strand RNA template during transcription with bacterio-
phage SP6 polymerase. Nontemplated residues have
been found in viral RNAs isolated from tissues infected
with PVX (Dolja et al., 1987), CMV (Collmer and Kaper,
1985), and Semliki Forest virus RNA (Wengler and Gross,
1979). In addition, for both CMV (Wu and Kaper, 1994) and
BMV (Sivakumaran and Kao, 1999) RdRp systems, a
nontemplated guanylate is required for the initiation of
plus-strand RNA synthesis. As shown in Fig. 3 (lane 10),
the BAL 31 treated PVX RdRp preparation was able to
3 samples were incubated in the absence (2) or in the presence (1)
roducts were analyzed on a vertical 1.5% agarose, 0.1% sodium dodecyl
ith BstEII as a double-stranded size marker; the sizes of these markers
noted at the right of the gel. Lanes 3 and 4 contain the RdRp products
of NP-40/calcium acetate, respectively. After treatment of F3 samples
ut added template (lane 5) or after addition of transcripts derived from
and RCNMV RNA 2 (lane 11). The positions of expected template-sizedaction
late. P
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448 PLANTE ET AL.ucts similar in size to double-stranded genomic PVX
RNA. The extent to which the extra G nucleotide in the
p75 template is necessary for RNA synthesis remains to
be determined. Also shown in Fig. 3, the RNA synthe-
sized from the p32 template gave a more discrete band
on this native gel than those observed with the full-length
templates. It is likely that the diffuse nature of these
full-length product bands reflects heterogeneity in the
templates generated by in vitro transcription with bacte-
riophage T7 or SP6 RNA polymerases and/or to less
efficient copying of the longer templates by the PVX
RdRp complex.
Solubilized extracts retain template-dependent activity
In order to develop a solubilized template-dependent
extract, we first determined the conditions for solubiliza-
tion of the RdRp activity using a procedure similar to that
described by Osman and Buck (1997). The sucrose gra-
dient F3 from PVX infected plants was incubated with
various concentrations of sodium taurodeoxycholate
(TDC). After centrifugation for 1 h at 100,000g, both pellet
(data not shown) and supernatant fractions were tested
for RdRp activity. As shown in Fig. 4 (lanes 2–4), treat-
ment with increasing amounts of TDC resulted in in-
FIG. 4. RNA synthesis in solubilized, template-dependent extracts.
Extracts incubated with 0.5, 1, and 2% TDC were centrifuged at
100,000g and RdRp activity in the S100 samples was assayed (lanes
–4, respectively). After treatment of S100 samples with NP-40/calcium
cetate/BAL 31, RdRp activity was assayed in the absence (lane 5) or
resence of transcripts derived from p32 (lane 6), p75 (lane 7), or
CNMV RNA 2 (lane 8). The sizes of DNA markers shown in lane 1, as
ell as conditions for electrophoresis and visualization of products,
ere as described in the legend for Fig. 3.creasing levels of activity in the S100 samples, with 2%TDC resulting in the most solubilized activity. After treat-
ment of the S100 with nuclease BAL 31, no polymerase
activity could be detected without the addition of tem-
plate (lane 5). However, the addition of p32 truncated
plus-strand template to the BAL 31 treated S100 sample
resulted in synthesis of the corresponding 2.5-kb double-
stranded product (lane 6). Full-length minus-strand p75
template was also successfully copied in this system
(lane 7). In contrast, RCNMV RNA 2 template was not
copied (lane 8), demonstrating that the soluble system is
not only template-dependent but also specific for PVX
RNA.
Development of this template-dependent RdRp system
that can utilize both plus- and minus-strand PVX RNA
templates will enable us to analyze the mechanisms of
RNA synthesis and determine the extent to which regu-
latory elements required in vitro are similar to se-
quences/structures that we have shown to be important
for PVX RNA accumulation in vivo (Kim and Hemenway,
1996, 1997, 1999; Miller et al., 1998, 1999). An advantage
of the in vitro system is that it will enable us obtain
information specific to RNA synthesis rather than other
aspects of the replication cycle, such as translation and
encapsidation, which are frequently difficult to distin-
guish in vivo.
MATERIALS AND METHODS
Materials
All restriction enzymes, nucleases, and polymerases
were purchased from New England Biolabs. RNasin and
RQ1 RNase-free DNase were obtained from Promega.
Ribonucleotides were purchased from Roche. Sigma
supplied actinomycin D, creatine kinase, creatine phos-
phate, leupeptin, pepstatin, and sodium taurodeoxy-
cholate. Radiolabeled [a-32P]CTP (800Ci/mmol) was a
roduct of Amersham. The RCNMV RNA2 cDNA clone
sed to generate corresponding transcripts was a gen-
rous gift of Dr. Steven Lommel (NCSU).
ynthesis of RNA templates
Runoff transcripts derived from various PVX cDNA
lones were utilized for template-dependent assays (Fig.
B). The wild-type PVX plasmid, pMON8453, D84, and
32 were transcribed with bacteriophage T7 RNA poly-
erase as described previously (Kim and Hemenway,
996). A truncated plus-strand transcript (2.6 kb, contain-
ng nts 84–2736) lacking both 59 and 39 termini was made
from a BstEII-digested D84 template. The plasmid p75
was used to generate minus-strand transcripts by tran-
scription with bacteriophage SP6 RNA polymerase. Con-
trol transcripts corresponding to an unrelated virus were
derived from a red clover necrotic mosaic RNA2 cDNA
clone that was digested with SmaI and transcribed with
bacteriophage T7 RNA polymerase (Xiong and Lommel,
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449TEMPLATE-DEPENDENT EXTRACTS FROM N. benthamiana1991). RNA transcripts were purified by phenol/chloro-
form extraction, passage through Qiagen RNeasy spin
columns, and ethanol precipitation. The quality and rel-
ative concentrations of transcripts were checked by elec-
trophoresis on 1.0% agarose gels at 4°C and visualized
by ethidium bromide staining as described previously
(Kim and Hemenway, 1996).
Preparation of extracts containing RdRp activity
Each leaf of 10 N. benthamiana plants was dusted with
carborundum (320 grit) and inoculated with 50 ml of 10
mg/ml of PVX in 0.1 M sodium phosphate buffer, pH 7.0.
Plants were maintained at 25°C in light for 12 h and at
22°C in darkness for 12 h. Extracts were prepared using
a protocol similar to that utilized for tobacco mosaic virus
(Osman and Buck, 1996). At 5 days postinoculation,
leaves were collected and homogenized in 3 vol of cold
Buffer A (50 mM Tris–HCl, pH 8.2; 15 mM MgCl2, 120 mM
Cl, 20% glycerol, 1 mM DTT, 1 mM leupeptin, 1 mM
pepstatin). The crude homogenate was filtered through
muslin and centrifuged at 500g for 10 min at 4°C. The
upernatant was removed and centrifuged at 30,000g for
0 min. The resulting pellet (P30) was resuspended in
uffer B (50 mM Tris–HCl, pH 8.2; 15 mM MgCl2, 5%
glycerol, 1 mM DTT, 1 mM leupeptin, 1 mM pepstatin) and
oaded onto 20–60% continuous sucrose gradients. After
entrifugation at 189,000g for 1 h at 4°C, fractions (ap-
proximately 5 ml each) were collected from the top of the
gradient. Sucrose gradient fractions stored at 280°C
were stable for up to 1 year.
Sucrose gradient fractions were analyzed for RdRp
activity by combining 100 ml of each fraction with 25 ml of
53 RdRp reaction buffer, giving final concentrations of 50
mM Tris–HCl, pH 8.2; 4% glycerol, 10 mM MgCl2, 1 mM
TP, 1 mM UTP, 1 mM GTP, 25 mM CTP, 0.2 mCi/ml
a-32P]CTP (800 Ci/mmol), 10 mM DTT, 0.2 mg/ml actino-
mycin D, and 800U/ml RNasin. Samples were incubated
for 1 h at 30°C and RNA products were extracted with
equal volumes of phenol/chloroform and ethanol precip-
itated. Gradient fractions 3 and 4 typically exhibited the
peak activities.
Conversion of extract to soluble, template-dependent
system
Prior to removal of endogenous template, the active
gradient fractions were diluted to reduce the sucrose
concentration and subsequently centrifuged at 50,000g.
After resuspension in buffer B, the P50 was stable for up
to 1 month at 280°C. This P50 fraction was either di-
rectly used to remove the endogenous template or first
treated with TDC. For solubilization, 100 ml of P50 from
3 or F4 was adjusted to 2% TDC, incubated on ice for
h, and centrifuged at 100,000g for 1 h. using TDC as
escribed by Osman and Buck (1997). For removal of the
ndogenous template, either the P50 or the S100 frac-ions were incubated with 10 units of BAL 31 nuclease in
he presence of 0.1% NP-40 and 5 mM calcium acetate at
0°C for 30 min. The reaction was terminated by the
ddition of EGTA to a concentration of 25 mM and placed
n ice for 30 min. Treated fractions were tested for RdRp
ctivity with or without template RNA (5 mg) addition in 25
ml of buffer containing 50 mM Tris–HCl, pH 8.2; 4%
glycerol, 1 mM MnCl2, 1 mM ATP, 1 mM UTP, 1 mM GTP,
25 mM CTP, 0.2 mCi/ml [a-32P]CTP (800 Ci/mmol), 10 mM
TT, 0.2 mg/ml actinomycin D, 800 U/ml RNasin, 5 mM
creatine phosphate, and 0.2 mg/ml creatine phosphoki-
ase. Samples were incubated for 30 min at 30°C and
erminated by addition of phenol/chloroform. After con-
entration by ethanol precipitation, RNA products were
nalyzed by electrophoresis as described below.
Although the sucrose gradient F4 exhibited the maxi-
um amount of RdRp activity, the BAL 31 nuclease treat-
ent was not effective in eliminating the endogenous
emplate from this fraction (data not shown). For this
eason, F3 was used for all template-dependent studies.
n contrast to the endogenous template preparation, both
he template-dependent and the soluble template-de-
endent preparations were highly unstable, with approx-
mately 90% of activity being lost upon freezing and
hawing.
nalysis of RdRp products
Products were isolated from RdRp reactions by phe-
ol/chloroform extraction and ethanol precipitation. Al-
ernatively, to determine whether the RNA was double- or
ingle-stranded in nature, products from RdRp assays
ere resuspended in 200 ml of buffer containing 0.2 M
NaCl, 0.05 M sodium acetate, pH 4.5, 1 mM ZnSO4, 0.5%
glycerol), and 200 U of S1. These samples were incu-
bated at 37°C for 20 min, extracted with phenol/chloro-
form, and ethanol precipitated. All RNA products were
loaded onto either nondenaturing vertical, 1.5% agarose
gels (Tris–acetate, 0.1% SDS, and 40 mM iodoacetate) or
denaturing 1% agarose gels containing formaldehyde.
Gels were dried and exposed to autoradiographic film or
analyzed using a phosphorimager and the Image Quant
program.
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